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(57) ABSTRACT

An 1mage from a camera 1s to be recorded and reversion 1s
to be made to an 1mage of an optional scene to reproduce an
image of such scene. To this end, a CPU 20 converts image
signals at a rate of 90 frames per second from a camera

device 10 into parallel signals to output 1mage signals of the
usual rate of 30 frames per second. A video server 30 records
the 1mage signals from the CCU 20 on a RAID 32. If a
pre-set scene 1s to be reproduced, the 1image signals are read
out from the RAID 32 1n the order of the original image
signals to output the read-out 1mage signals to outside.

14 Claims, 5 Drawing Sheets
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1
IMAGING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to an 1maging system in which, a
desired scene of 1mage signals as shot 1s reproduced at the
same time as the 1mage signals are recorded.

1. Description of the Related Art

The 1images aired 1n, for example, a news program by a
telecasting station, are those obtained on editing the image
and the speech recorded on plural television cameras having
enclosed video tape recorders. The 1mages etc edited 1n this
manner are recorded on a video tape and reproduced 1n the
course of telecasting.

On the other hand, if the telecasting station makes live
relay broadcasting of a sports game, plural cameras are used
simultaneously and selectively depending on the progress of
the game to send the 1mages and the speech to respective
homes, while the 1mages etc are recorded on a video tape
recorder.

If, 1n the course of the live relay telecasting of sports
games, a sports player has made fine play, the scene 1is
sometimes re-played at a slow speed or at an ordinary speed
in order to re-transmit the scene to the viewers.

In particular, there are such cameras used for relay broad-
cast of sports games which are adapted to output image
signals at a speed thrice the usual speed, for example, 1n
order to make slow-motion reproduction of an object mov-
ing at an elevated speed with a high picture quality. For
coping with this, the video tape recorder 1s designed to be
run at a speed thrice the usual speed to record the video
signals transmitted from the camera. For slow reproduction,
the tape recorder runs the magnetic head at the usual speed
to reproduce the video signals. This assures slow reproduc-
fion with a smooth movement and a high picture quality.

However, since the video tape recorder usually has only
one recording head, 1t 1s not possible to reproduce previously
recorded 1mages and simultaneously to record images or
speech. On the other hand, if desired to record images shot
by a camera and simultaneous reproduce an optional scene,
it 1s necessary to record the 1mages simultancously on plural
video tape recorders, to use one of the video tape recorders
as a video tape recorder dedicated to recording, and to use
the remaining video tape recorders for replay. This means
that 1t 1s a highly pains-taking operation to record 1mages
and to reproduce optional scenes simultancously.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an 1maging system 1n which it 1s possible to record 1mages
from a camera and to revert to an optional scene to repro-
duce an 1mage corresponding to the scene.

In one aspect, the present invention provides an 1maging,
system including imaging means for outputting 1mage sig-
nals shot of an object, speed changing means for changing
the 1mage signals outputted by the imaging means at a first
speed 1nto signals of a second speed to output the image
signals of the second speed and recording/reproducing
means. The recording/reproducing means includes a plural-
ity of mput/output processing means to which are inputted
the signals of the second speed outputted by the speed
changing means and which output the reproduced image
signals to outside, and a non-linear accessible recording
medium for recording the image signals. The recording/
reproducing means has access to the recording medium only
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2

within an allocated time slot to output the image signals
inputted from the speed changing means to the recording
medium. The recording/reproducing means has access to the
recording medium only within the allocated time slot to
input the reproduced image signals from the recording
medium.

In another aspect, the present invention provides a
recording/reproducing method for recording/reproducing
as-shot 1mage signals including a first step of outputting
image signals as shot by imaging means at a first speed, a
second step of converting the 1image signals at the first speed,
outputted at the first step, into those at a second speed, and
for outputting the converted image signals, a third step of
inputting the 1image signals outputted at the second step and
outputting the input image signals to a non-linear accessible
recording medium only within an allocated time slot, a
fourth step of recording the 1image signals outputted at the
third step on the recording medium, a {fifth step of repro-
ducing the 1mage signals recorded at the fourth step on the
recording medium and a sixth step of outputting the 1mage
signals reproduced at the fifth step only within the allocated
time slot to outside at the second speed in the order of the
image signals of the first speed.

In yet another aspect, the present invention provides a
recording method for recording as-shot 1image signals
including a first step of outputting 1image signals as shot by
imaging means at a first speed, a second step of converting
the 1mage signals at the first speed, outputted at the first step,
into those at a second speed, and for outputting the con-
verted 1mage signals, a third step of outputting the input
image signals to a non-linear accessible recording medium
only within an allocated time slot; and a fourth step of
recording the 1mage signals outputted at the third step on the
recording medium.

According to the present invention, 1mage signals from
imaging means can be recorded on recording means, while
reversion may be made to an optional scene to read out and
reproduce picture signals of the scene.

According to the present invention, image signals of large
capacity can be compressed and recorded in this state on a
server, while reversion may be made to an optional scene to
read out and reproduce picture signals of the scene.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the structure of a
camera system embodying the present invention.

FIG. 2 1illustrates the flow of CCU 1mage signals of the
camera system.

FIG. 3 1s a block diagram showing the structure of a video
server of the camera system.

FIG. 4 1s a block diagram showing the structure of another
camera system embodying the present invention.

FIG. § 1s a block diagram showing the structure of yet
another camera system embodying the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, preferred embodiments of the
present 1nvention will be explained 1n detail.

The present mnvention 1s applied to a camera system 1
configured as shown for example 1n FIG. 1.

The camera system 1 includes a camera device 10 for
shooting an object, a camera control unit (CCU) 20 for
processing 1image signals from the camera device 10 1n a
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pre-set fashion, and a video server 30 for storing the 1mage
signals from the CCU 20.

The camera device 10 1s a high-speed camera and outputs
image signals at a speed thrice the usual speed (90 frames
per second) to furnish the output image signals to the CCU
20.

The camera device 10 generates three color signals,
responsive to the imaging light of the object, and converts
the tri-color signals 1nto luminance and chrorminance sig-
nals which are outputted as image signals. It 1s noted that the
processing as from the CCU 20 is the same for the lumi-
nance and chromninance signals. Thus, 1n FIG. 1, only a
signal line routing one of the luminance or the chrominance
signals from the camera device 10 to the CCU 20 1s shown,
while other signal lines are not shown.

The CCU 20 performs pre-set signal processing, such as
gamma correction or knee processing, on 1mage signals
form the camera device 10, and also has the rate converting
function. For performing these functions, the CCU 20
includes an analog/digital (A/D) converter 21 for digitizing
image signals, a data distributor 22 for outputting image

signals from the A/D converter 21 via pre-set terminal, and
a first memory 23, a second memory 14 and a third memory
25 for storing the distributed image signals. The CCU20 also
includes a controller 26 for controlling the switching by the
data distributor 22.

The A/D converter 21 digitizes the image signals, pro-
cessed 1n a pre-set fashion, and routes the 1mage signals to
the data distributor 22.

The data distributor 22 includes a switch 224 for selecting,
one of the terminals a, b or ¢. The picture signals supplied
from the A/D converter 21 are outputted via terminals a, b
or ¢. The controller 26 performs control to move a movable
terminal of the switch 22a to the terminals a,b, ¢, a, b, c, . ..
every Yo second. This connects the switch 224 to the
terminals a, b and ¢ every 40 period.

FIG. 2 shows an example of image signals outputted by
the A/D converter 21. Referring to FIG. 2, the 1image signals
are fed to the data distributor 22 1n the order of A0, B0, C0,
Al,B1,C1,A2, B2, C2, ..., where An, Bn and Cn, n being
an integer not less than 0, denote 1mage signals for one frame
outputted during %00 second.

The first memory 23, the second memory 24 and the third
memory 25 are each comprised of a shift register. The data
distributor 22 writes the 1mage signals A0, B0, C0, Al, . . .
in the first memory 23, second memory 24, third memory 24
and 1n the first memory 23, . . . , respectively. Stated
differently, the data distributor 22 writes the 1image signals
A0, Al, A2, A3, . . . 1n the first memory 23, while writing,
the 1mage signals B0, B1, B2, B3, . . . in the second memory
25 and writing the 1mage signals C0, C1, C2, C3, . . . 1n the
third memory 25 every %o second. The result 1s that image
signals are read out at a rate of 30 frames per second.

The CCU 20 processes the image signals, supplied from
the camera device 10 at a rate thrice the usual rate, 1n a
pre-set fashion, and distributes the 1mage signals into three
signal portions every Yoo second by way of conversion to
parallel signals. The image signals, thus converted into
signals of the usual rate of 30 frames per second, are routed
to the video server 30.

Specifically, the video server 30 1s configured as shown in
FIG. 3. That 1s, the video server 30 1s made up of an
input/output processing unit 31 (31la to 31f), a RAID
(Redundant Array of Inexpensive Discs) 32 (32a to 32¢) and
an MS 34.

The 1input/output processing unit 31 compresses the 1mage
signals supplied from outside to route the compressed image
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signals to the RAID 32 over an imnput data bus 33a. The
image memory 32 also expands the image signals read out
from the RAID 32 to output the expanded image signals over
an output data bus 33b.

The RAID 32 1s made up of plural hard disc drives
(HDDs) such that it is able to record data by a certain
magnetic head at the same time as it seeks another magnetic
head to reproduce optional data. Meanwhile, the video
server 30 shown 1n FIG. 1 shows the video server 30 of FIG.
3 1n a simplified fashion.

Returning to FIG. 1, the video server 30 includes plural
input/output processing units 31 (31la, 315, 3lc, 314, ),
plural RAIDs 32 (32a, 32b, ) and a bus controller 34.

The bus controller 34 controls time slots on the bus 33
provided 1n association with the numbers of the input/output
processing units 31 and the RAIDs 32 to effect the

recording/reproduction by the input/output processing unit
31 and by the RAID 32 simultaneously.

The mput/output processing unit 31la compresses 1image
signals read out from the first memory 23, while the mput/
output processing unit 315 and the mput/output processing
unit 31lc compress the 1mage signals read out from the
second memory 24 and from the third memory 25, respec-
tively. These input/output processing units 31 send the
compressed 1mage signals over the bus 33 to the RAIDs 32a

and 32b.

That 1s, the 1mage signals distributed i1nto three signal
portions 1n the CPU 20 and converted to usual rate signals
are respectively recorded 1in the RAIDs 32 of the video
server 30.

For reproducing an optional scene, the video server 30
reads out the 1image signals recorded on the RAID 32 in the
order of the original video frames to output the read-out
signals via the input/output processing unit 31d. That 1s, the
video server 30 reads out the image signals A0, B0, C0, All,
B11, C11, A2, B2, C2, at the usual video rate and outputs the
read-out signals after expansion by the input/output process-
ing unit 31d.

During recording, the video server 30 randomly stores the
image signals, converted from the rate of 90 frames per
second to 30 frames per second. During slow reproduction,
the video server 30 reads out the 1mage signals at a rate of
30 frames per second 1n the order of the original image
signals by way of conversion to parallel signals. That 1s, the
video server 30 outputs 1mage signals for slow reproduction
of smooth movement via mput/output processing unit 31d
rather than outputting image signals of discretely located
frames. An 1mage of slow reproduction, obtained in this
manner, 15 displayed on the monitor 40.

Meanwhile, such slow reproduction can be preformed at
the same time as the image signals are inputted from the
input/output processing units 31a to 31 ¢ for recording on the
RAID 32a. That 1s, it 1s possible to record image signals of,
for example, live sports relay broadcasting and simulta-
neously to seek a scene desired to be slow-reproduced and
to slow-reproduce the scene.

In the preferred embodiment, the camera device 10 out-
puts the 1mage signals at a rate thrice the usual rate. The
present mvention 1s, however, not limited to this configu-
ration. That 1s, 1f the camera device 10 outputs image signals
at a n-tupled rate, where n 1s a natural number, it suffices 1f
the CCU 20 distributes the image signals into n signal
portions to convert the 1mage signals into 1mage signals of
the usual rate to output the resulting 1mage signals of the
usual rate. At this time, 1t suffices if the video server 30
stores the 1mage signals 1n the RAID 32 and reads out the
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image signals from the RAID 32 for reproduction in the
sequence of the original 1mage signals. This assures slow
motion reproduction at the 1/n speed.

A second embodiment of the present invention 1s
explained with reference to FIG. 4 1in which the camera

system 1 1s similar in structure to that of the first embodi-
ment.

In the first embodiment, the video server 30 randomly
records the 1mage signals in the RAID 32 on the frame basis.
This renders 1t necessary for the video server 30 to have
random access to the recording area of the RAID 32 at the
time of reproduction. However, certain types of the HDD
constituting the RAID 32 cannot read data unless the data
are continuous to some extent. The preferred embodiment 1s
designed to cope with this type of the HDD.

Specifically, the controller 26 of the CCU 20 changes over
the state of the switch 22a every four frames of the video
signals routed from the camera device 10 to the CCU 20.
This causes the 1mage signals A0, B0, C0, Al to be collec-
fively stored 1n the first memory 23, while causing the image
signals B1, C1, A2, B2 to be collectively stored in the second
memory 24 and causing the image signals C2, A3, B3, C3
to be collectively stored 1n the third memory 25. The image
signals A4, B4, C4 and AS then are stored in the first
memory 23. These four frames of the image signals are
collectively stored 1n this manner in the RAID 32.

During reproduction, 1t 1s sufficient if the video server 30
reads out the image signals from the RAID 32 1n terms of the
four frames as a unit. That 1s, since the video server 30 stores
the 1mage signals 1n terms of a pre-set sizeable volume as a
unit, the magnetic head seek time can be shorter at the time
of reproduction than if the image signals are randomly
stored on the frame basis. This renders 1t possible to cope
with the RAID 32 comprised of HDDs that cannot read out
data unless the data 1s continuous to some extent.

In the preferred embodiment, description has been made
of an 1nstance of storing image signals of four frames as a
unit volume 1n the RAID 32. The present invention,
however, 1s naturally not limited to this configuration.
Specifically, 1t 1s sufficient 1f the unit volume corresponds to
the continuous data volume that can be read out by the
HDDs constituting the RAID 32, such that the number of
frames 1s not fixed at a special number of frames, such as
five or six frames.

A third embodiment of the present invention is explained
with reference to FIG. 5. In the present third embodiment,
the same reference numerals are used to depict the same
circuits and detailed description 1s omitted for simplicity.

The camera device 10 generates 1image signals, comprised
of three prime color signals, responsive to the imaging light
from an object, and routes these 1mage signals to a CCU
20A. The camera device 10 1s a camera for high-speed
imaging adapted for outputting 1mage signals at a rate of 90
frames per second, as in the first embodiment.

The CCU 20A includes a demultiplexer 51 for demulti-

plexing the image signals, a buffer memory 52 (52R, 52G
and 52B), an encoder 53 (53R, 53G and 52B) for compress-
ing respective color signals, a buffer memory (54R, 54G and
54B) for outputting compressed color signals from the
encoder 53 at a pre-set rate, a multiplexer 55 (85R, 55G,
55B) for multiplexing the respective compressed color
signals, and a controller 56 for controlling the respective

circuits of the CCU 20A.

The demultiplexer 51 demultiplexes the 1mage signals
supplied from the camera device 10 into red, green and blue
signals, which then are routed to the buifer memories 52K,
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52G and 52B, respectively. The 1image signals, mputted to
the CCU 20A at a rate thrice the usual rate, are converted 1n

this manner 1nto signals of the usual rate which are routed to
the respective encoders 53R, 53G and 53B.

The encoders 53 53R, 53G and 33B are able to process the
image signals of the usual input rate (30 frames per second)
to compress the data volume of the respective color signals
to, for example, one third. Specifically, if red signals are sent
to the butfer memory 52R, the encoder S3R compresses the
red signals and routes the compressed signals via the butfer
memory 34R to the multiplexer §5. Similarly, the encoder
533G compresses the data of green signals stored in the butfer
memory 352G to route the compressed data to the multiplexer
55 via butfer memory 54G. The encoder 533B compresses the

oreen signals stored 1n the buffer memory 52B to route the
compressed data via the buffer memory 54B to the multi-

plexer 55.

The multiplexer 55 multiplexes the compressed respec-
five color signals to output compressed 1image signals. The
data volume of the respective color signals i1s one/third.
Therefore, the image signals outputted by the multiplexer 55
are reduced 1n data volume to one-third of the image signals
sent from the camera device 10 to the CCU 20A and
becomes equal 1n volume to the usual data volume. These
image signals are routed to the video server 30.

It 1s thus possible for the camera system 1 to compress the
data of the respective color signals making up the image
signals from one color signal type to another to reduce the
data volume of the image signals in their entirety to supply
the 1mage signals of the large data volume outputted by the
camera device 10 to the video server 30 without limiting the
cable transfer rate.

Meanwhile, the above-described camera system 1 can
also be applied to the outputting of 1image signals of the
usual rate by the camera device 10. Specifically, the con-
troller 56 1n the CCU 20A 1s able to send the 1image signals
supplied to the demultiplexer 51 only to the encoder 53R via
the buifer memory 52R to cause only the encoder 53R to
compress the data volume. This enables the data volume of
the 1mage signals to be reduced to one-third, while also
enabling suppression of power consumption by halting the
processing by the encoders 533G, 53B.

In the preferred embodiment, as i1n the previously
described embodiments, an 1mage of an optional scene can
be reproduced at the same time as the 1mage signals as shot
by the camera device 10 are being recorded 1n the video
server 30.

Although the present invention has been explained in the
above embodiments with respect to plural HDDs as non-
linear accessible recording mediums, 1t 1s to be noted that the
present 1nvention 1s also applicable to other non-linear
accessible recording mediums, including disc-shaped
recording mediums, such as DVDs or MO (magnetic
optical) discs, or semiconductor memories, such as DRAMs
or flash memories.

What 1s claimed 1s:

1. An 1maging system comprising:

imaging means for outputting image signals shot of an

object;

speed changing means for changing said 1image signals

outputted by said imaging means at a first speed 1nto

signals of a second speed to output the 1mage signals of
the second speed; and

recording/reproducing means; said recording/reproducing,
means including

a plurality of input/output processing means to which

are mputted said signals of the second speed output-
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ted by said speed changing means and which output
the reproduced 1mage signals to outside; and

a non-linear accessible recording medium for recording
the 1mage signals;

said recording/reproducing means having access to said
recording medium only within an allocated time slot to
output the image signals imputted from said speed
changing means to said recording medium; said
recording/reproducing means having access to said
recording medium only within said allocated time slot
to mput said reproduced image signals from said
recording medium.

2. The mmaging system according to claim 1 wherein

said speed changing means includes
changeover means fed with the 1mage signals of the
first speed from said imaging means and adapted for
changing over the 1mage signals of the first speed
every pre-set unit of said image signals; and
a plurality of memory means for transiently storing said
image signals outputted by said changeover means,
saild changeover means changing over the i1mage
signals at said first speed 1n a distributing fashion to
said plural 1n memory means, each of said memory
means reading out the transiently stored 1mage sig-
nals at said second speed to output the read-out
image signals to the mput/output processing means
of said recording/reproducing means.
3. The 1maging system according to claim 2 wherein

said changeover means changes over the 1mage signals so
that said 1mage signals will be outputted to each of said
memory means at said second speed.

4. The 1maging system according to claim 2 wherein

if said first speed 1s a n-tupled speed, n being a natural
number, the number of said plural memory means 1s n,
said second speed being a uni-tupled speed.

5. The 1imaging system according to claim 1 wherein

said 1nput/output processing means includes compression
means for compressing the mput 1imaging signals.
6. The 1maging system according to claim 1 wherein

said 1nput/output processing means outputs the i1mage
signals recorded on said non-linear accessible record-
ing medium to outside at said second speed 1n the order
of the 1mage signals at said first speed.

7. The imaging system according to claim 1 wherein

cach of said plural input/output processing means 1s
connected over a data bus to said non-linear accessible
recording medium, and wherein

said data bus 1s constituted by a down-bus to said record-
ing medium and an up-bus from said recording
medium, said 1mage signals being sent on said data bus.

3

8. The 1maging system according to claim 1 wherein
said non-linear accessible recording medium 1s a plurality

of hard discs.
9. A recording/reproducing method for recording/

> reproducing as-shot image signals comprising:
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a first step of outputting image signals as shot by imaging
means at a first speed;

a second step of converting the 1mage signals at the first
speed, outputted at said first step, into those at a second
speed, and for outputting the converted image signals;

a third step of nputting said 1mage signals outputted at
said second step and outputting the input 1mage signals
to a non-linear accessible recording medium only
within an allocated time slot;

a fourth step of recording the 1mage signals outputted at
said third step on said recording medium;

a fifth step of reproducing said 1image signals recorded at
said fourth step on said recording medium; and

a sixth step of outputting the 1mage signals reproduced at
said fifth step only within the allocated time slot to
outside at said second speed 1n the order of the image
signals of said first speed.

10. The recording/reproducing method for 1image signals

according to claim 9 wherein said second step includes

a change-over step of changing over the 1mage signals
inputted at said first speed every pre-set unit to a
plurality of memory means adapted for transiently
storing said linage signals; and

an outputting step of reading out and outputting the 1mage
signals mputted to said storage means at said second
speed.

11. The recording/reproducing method for 1image signals

according to claim 10 wherein said changeover step changes
over so that said image signals will be outputted at said
second speed to each of said memory means.

12. The recording/reproducing method according to claim

9 wherein

if said first speed 1s a n-tupled speed, n being a natural
number, the number of said plural memory means 1s n,
said second speed being a uni-tupled speed.

13. The recording/reproducing method according to claim

9 wherein

said third step mcludes a compressing step of compress-
ing the mput 1mage signals and outputting the com-
pressed signals, said compressed 1mage signals being
outputted to said recording medium within the allo-
cated time slot.

14. The recording/reproducing method according to claim

9 wherin

said non-linear accessible recording medium 1s a plurality
of hard discs.
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